Objective. Previous studies suggest that trigger points (TrPs) contribute to migraine pain, but no data is available on the effects of TrPs on pressure pain sensitivity. Our objective was to investigate the association between the number of TrPs and widespread pressure hypersensitivity in women with episodic migraines.
Introduction
Migraine is a primary headache showing a worldwide prevalence from 5% to 12% and a high burden for society [1] . For instance, the general costs in Europe in 2010 were e13.8 billion for headaches including migraines and tension-type headaches (TTHs) [2] . It is well accepted that migraines are associated with a primary brainstem dysfunction showing deficient regulation of excitatory-inhibitory balance during cortical activity leading to sensitization [3] . Although the episodic form is the most common manifestation, about 2.5% of migraine sufferers progress to a chronic form [4] . In this process of pain chronification, central manifestations, for example, sensitization, seem to plays a relevant role. Several studies reported that individuals with migraines exhibit pressure pain hypersensitivity, as expressed by decreased pressure pain thresholds (PPTs), as compared with healthy controls as a clinical manifestation of sensitization mechanisms [5] [6] [7] [8] . A recent review found that PPTs over the peri-cranial muscles are consistently lower in individuals with migraines as compared with healthy people [9] . Further, it has been confirmed that subjects with migraines exhibit widespread pressure hypersensitivity as a clinical sign of widespread sensitization [10] .
There is preliminary evidence supporting a potential role of myofascial trigger points (TrPs) as precipitating factors to migraines [11] . A TrP is defined as "a hypersensitive spot within taut bands of skeletal muscles which elicit referred pain, autonomic, or motor symptoms when stimulated" [12] . If stimulation of a TrP reproduces any symptom of the patient and the patient recognizes this symptom as a familiar and/or usual experience, the TrP is considered clinically active [12] . The underlying pathophysiological causes of TrPs are unknown, and there is current no golden clinical standard for assessment their existence, which causes some limitations. Several studies reported that the referred pain elicited by TrPs in the head, neck, and shoulder musculature is able to precipitate pain features of a migraine [13] [14] [15] . Active muscle TrPs may precipitate migraine attacks by transmitting nociceptive inputs to the trigemino-cervical nucleus caudalis, thereby contributing to generation of widespread sensitization observed in this headache disorder; however, no study has previously investigated the relationship between the presence of TrPs and widespread pressure hypersensitivity in individuals with migraines. The aim of this study was, therefore, to investigate the possible association between the number of TrPs and widespread pressure pain sensitivity in women with episodic migraines and relate this to clinical features of migraine pain.
Methods

Participants
Patients with episodic migraines were recruited at a tertiary university-based hospital from March 2015 to June 2016. Migraine was diagnosed according to the International Classification of Headache Disorders criteria, third edition (ICHD3 beta 2013), down to third-digit level (code 1.1, 1.3) by a neurologist expert in headaches [16] . Migraine features including location, onset of migraine (years), frequency (days/month), intensity of migraine (numeric pain rate scale, 0-10), duration of attacks (hours/attacks), and medication intake were collected. We used the following exclusion criteria: 1) other primary or secondary headaches, including medication overuse headache accordingly to the ICHD.3 criteria; 2) history of neck or head trauma (i.e., whiplash); 3) pregnancy; 4) medical systemic diseases, for example, rheumatoid arthritis, lupus erythematous; 5) comorbid diagnosis of fibromyalgia; or 6) receipt of TrP injection, anesthetic blocks, botulinum toxin injections, or physical therapy treatment within the past 12 months. The study was approved by the local ethics committee of the Hospital Rey Juan Carlos, Alcorc on, Spain (July 2014).
All evaluation was held when all patients were headache free and when at least one week had elapsed since the last migraine attack to avoid migraine-related allodynia. Participants were asked to avoid any analgesic or muscle relaxant 24 hours prior to the examination. No change was made to their prophylactic treatment.
Trigger Point Examination
TrPs were explored bilaterally in the temporalis, masseter, suboccipital, sternocleidomastoid, upper trapezius, and splenius capitis muscles by a clinician with more than 10 years of experience in TrP diagnosis. The order of examination was randomized between individuals, with a one-minute rest period between muscles. TrP diagnosis was performed when the following criteria were present [12] : 1) presence of a painful spot in a palpable taut band in a muscle; 2) local twitch response (i.e., sudden and involuntary contraction of muscle fibers in a taut band) on manual strumming of the taut band; and 3) reproduction of referred pain. For the suboccipital muscles, TrP diagnosis was conducted when pressure applied on the suboccipital area between C0 and C1 for 10-second elicited referred pain and contraction of the muscles with head extension increased the referred pain [17] . TrPs were considered active when the referred pain elicited during the examination mimicked pain features experienced during a migraine attack, and therefore the pain was recognized as a usual or familiar pain. TrPs were considered latent when the pain elicited during examination did not reproduce any migraine pain feature, and therefore the elicited pain was not recognized as a usual or familiar pain symptom [12] . Referred pain reproduced during TrP examination is usually self-limited, with a duration of no more than 10 minutes [11] [12] [13] [14] [15] .
Widespread Pressure Pain Sensitivity
Pressure pain thresholds, that is, the amount of pressure where a sensation of pressure first changes to pain, were bilaterally assessed with an electronic algometer (Somedic AB, Farsta, Sweden) over the temporalis muscle (trigeminal area), C5/C6 zygapophyseal joint (extratrigeminal area), and tibialis anterior muscle (pain-free distant site). The order of assessment was randomized between participants. Subjects were instructed to press the "stop button" of the algometer as soon as the pressure resulted in the first sensation of pain. Pressure was increased at a rate of approximately 30 kPa/s (application area 1 cm 2 ). Participants were trained with a first trial on the wrist extensor muscles of the right forearm. The mean of three trials on each point was calculated and used for the analysis. A 30-second resting period was allowed between trials for avoiding temporal summation [18] . PPTs were evaluated first for avoiding temporal summation of TrP examination.
Sample Size Calculation
The sample size was calculated using Ene 3.0 software (Autonomic University of Barcelona, Barcelona, Spain) and was based on detecting significant moderate correlations (r ¼ 0.4) between the number of TrPs and PPTs with an alpha level (a) of 0.05 and a desired power (b) of 95%. This generated a sample size of at least 71 participants. As we included multiple correlations and a Bonferroni-adjusted alpha level, the sample size was increased to around 30%.
Statistical Analysis
Data were analyzed with the SPSS statistical package (version 22.0). Descriptive data were collected on all patients. The Kolmogorov-Smirnov test revealed that quantitative data exhibited a normal distribution (P > 0.05). As no side-to-side differences in PPTs were found, the mean of both sides on each point was used in the correlational analysis. Several Pearson correlation tests (r) were used to determine the association between the number of TrPs, clinical variables relating to the migraines (frequency, intensity, and duration), and PPTs. Correlations were separately calculated for latent or active TrPs and were considered weak when r < 0.3; moderate when 0.3 < r < 0.7, and strong when r > 0.7 [19] . The statistical analysis was conducted at a 95% confidence level. In general, a P value of less than 0.05 was considered statistically significant; however, a Bonferroni-adjusted alpha of 0.017 (three points of assessment) was applied for correlations with PPTs.
Results
Clinical Data of the Sample
From 125 eligible subjects with migraines who agreed to participate, 30 were excluded for the following reasons: comorbid headache (N ¼ 15), previous head/neck trauma (N ¼ 6), pregnancy (N ¼ 3), anesthetic block the previous month (N ¼ 3), and regular application of botulinum toxin (N ¼ 3). Finally, a total of 95 women with episodic migraines were included. Table 1 shows clinical data, number of TrPs, and PPT data of the sample, whereas Table 2 summarizes the distribution of TrPs in the analyzed muscles. Active TrPs in the temporalis and upper trapezius were the most prevalent.
Trigger Points and Clinical Features of Episodic Migraines
A significant but small association was observed between the intensity of migraine attacks and PPT over the C5-C6 joint (r¼ À0.255, P ¼ 0.028): the higher the intensity of migraine pain, the lower the PPTs over the cervical spine, that is, the higher the pressure pain sensitivity. No association between the number of either active or latent TrPs and any clinical pain features of the migraines, that is, intensity, frequency, or duration of the headaches (all, P > 0.401), was found.
Trigger Points and Widespread Pressure Pain Sensitivity in Migraines
The number of active TrPs was significantly and negatively associated with PPT in all the points (C5-C6 joint: r¼ À0.292, P ¼ 0.004; temporalis muscle: r ¼ À0.313, P ¼ 0.001; tibialis anterior: r ¼ À0.350, P < 0.001) (Figure 1) : the higher the number of active TrPs, the lower the widespread PPTs, that is, the greater the central sensitization. On the contrary, the number of latent TrPs was not significantly associated with any PPT (C5-C6 joint: r ¼ À0.108, P ¼ 0.573; temporalis muscle: r ¼ À0.032, P ¼ 0.758; tibialis anterior: r ¼ À0.019, P ¼ 0.856) (Figure 2 ).
Discussion
The current study found that a greater number of active but not latent TrPs in head and neck/shoulder muscles was associated with widespread pressure hypersensitivity in women with episodic migraines. There is previous evidence supporting that the referred pain elicited by active TrPs mimicked similar pain symptoms than during a migraine attack in this population [13] [14] [15] . We found that the temporalis and upper trapezius muscles were the most affected by active TrPs, in agreement with previous data. Nevertheless, the current study is the first one investigating the relationship between the presence of TrPs, active or latent, and widespread pressure sensitivity in this population. It has been postulated that active muscle TrPs are associated with higher levels of algogenic substances and chemical mediators, for example, calcitonin gene-related peptide, substance P, bradykinin, serotonin, or histamine, among others, compared with latent TrPs [20] . It is possible that peripheral nociception from active TrPs in muscles innervated by the upper cervical spine nerves (C1-C3) or the trigeminal nerve may contribute as a nociceptive trigger to the trigeminocervical nucleus caudalis by facilitating and/or contributing to the sensitization process. In fact, the association between active TrPs and PPT over the tibialis anterior muscle would suggest that nociception from active TrPs contributes to widespread, and not only to trigeminocervical, sensitization. The potential role of active TrPs in Trigger Points and Pressure Pain Sensitivity in Migraine sensitization in patients with migraines is further supported by the fact that treatment of active TrPs with anesthetic injections decreased mechanical hyperalgesia, allodynia, and referred pain areas in migraine sufferers [21] . It is important to consider that we included individuals with episodic migraines where the peripheral nociception from active TrPs may contribute to further development of more sensitization, and, therefore, chronification of the symptoms.
Although preliminary evidence suggests that experimental stimulation of latent TrPs was able to further facilitate sensitization [22] and widespread symptoms [23] in asymptomatic people, we did not find significant associations between the number of latent TrPs and widespread pressure pain sensitivity in our sample of women with episodic migraines. The fact that latent TrPs were not associated with widespread pressure pain sensitivity may be related to the fact that our sample of women with episodic migraines showed a small number of latent TrPs. Therefore, current findings would suggest that active but not latent TrPs would be responsible for peripheral nociception, as previously reported [20] . This may be relevant for clinicians as early treatment of active TrPs in individuals with episodic migraines may prevent or postpone the development of widespread pressure pain sensitivity in this group of patients and hence lower the pain amplification. Future clinical trials should explore this hypothesis.
Although the strengths of this study include the sample size and the inclusion of an exhaustive assessment of muscle TrPs and PPTs, we should recognize some limitations. First, individuals were recruited from a tertiary care hospital; therefore, it is possible that they represent a specific group of the general population with migraines. Second, we only included women with migraines, so we do not know if the same results would be found in men with this condition. In addition, we did not also include women with the chronic form of the condition. Third, the cross-sectional nature of the study does not permit us to establish a cause and effect relationship between TrPs and widespread pressure pain sensitivity. Finally, we did not evaluate effects of potential confounders such as depression or anxiety, which could influence sensitivity outcomes. However, as the aim of our study was to determine the potential association between TrPs and PPTs, we believe that these variables would not alter the direction of our findings. Future studies should investigate the role of psychological aspects in the identified associations in the current study. Figure 1 Scatter plots of correlations between the number of active trigger points with pressure pain thresholds over the C5-C6 zygapophyseal joint (A), temporalis muscle (B), and tibialis anterior muscle (C) in women with episodic migraines (N ¼ 95). Note that several points are overlapping. A negative linear regression line is fitted to the data. PPT ¼ pressure pain threshold; TrP ¼ trigger point.
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Conclusions
This study found that the number of active but not latent TrPs in head and neck/shoulder muscles was associated with widespread pressure sensitivity in women with episodic migraines, suggesting a potential contribution of active TrPs as potential drivers contributing to sensitization processes in migraines.
